The global financial crisis triggered by the US subprime mortgage crisis in 2008 has caused serious impact on the financial system around the world, which also aggravated the banking system. Since the banking industry is the core element of financial system, various scholars and relevant regulatory authorities have paid attention to the stability of the banking system. Unlike the traditional qualitative research, many scholars have adopted the method of computational finance based on the complex network theory to explore the banking system in recent years. Therefore, this paper has carried out a literature review of the stability of banking system under different network structures. It presents the analysis of model and results so as to have a clear understanding on the topic.
banking industry has suffered heavy losses. When the banking system encounters external shocks, individual banks fail to resist due to their own limited conditions and hence default, and then, it will create domino effects (the risk caused by the default of one or several banks is spread within the banking system under the shock, resulting in the loss or collapse of the entire banking system, which is often referred to as "the domino effect") through the interbank linkages, which makes the banking system face greater risks. Therefore, maintaining the stability of the banking system is of great significance, and the turbulence in global financial markets brought by the financial crisis has made it a hot topic for scholars globally.
Due to the widespread application of the complex network theory in the financial field, many scholars use it to simplify the banking system, and banks and other financial institutions are usually used as nodes, and their interbank linkages are used as edges, and this connection between nodes and edges represents the financial network. The financial network is similar to the traditional network, which is mainly composed of nodes and edges. The difference is that, on one hand, the number of financial network nodes is usually a lot, thus often constituting a more complex network; on the other hand, each edge measures the balance of assets and liabilities between two connected nodes, and the edges are sometimes directional. Therefore, the banking system is a complex system composed of a large number of banks and their related links.
In the complex network theory, the network structure has different forms, including regular networks and complex networks. In a regular network, the connection between nodes has a fixed rule, and the number of neighbors of any node is the same. Complex networks are divided into random network, small-world network and scale-free network as well as core-edge network. In the random network, the connection between nodes is completely random and the degree of each node is very close, and also, there are relatively few nodes with very small and large degree. The small-world network is generated by adding randomness based on the regular network, and it has smaller average path length and larger aggregation coefficients. Moreover, the distribution of nodes' degree is exponential. In the scale-free network, the degree of a few nodes is very large (these nodes are connected to most nodes) and most nodes are very small (these nodes are only connected to a few nodes), and the degree of nodes obeys the power law distribution. In the core-edge network, core (periphery) banks are maximally (minimally) connected to each other. With the development of the complex network theory, various scholars have explored the stability of the banking system based on the perspective of network structure. Some scholars mainly use the relevant theory of complex network to construct the banking system network model, and explore the stability of the banking system under different network structures when it is shocked. In addition, some scholars have collected the actual data from the banking industry in their country, and verified the network structure of banking system by analyzing the degree distribution of We review the theoretical and empirical research in Section 2 and Section 3 respectively, and Section 4 provides the conclusion.
Theoretical Research
By sorting out the existing relevant literatures, we found that the theoretical analysis of the banking system stability under different network structures mainly focuses on three aspects: the stability of banking system under the simple network structure (regular networks), the scale-free network or core-edge network and the comparative study of the stability of banking system with different network structures.
Allen and Gale [1] and Freixas et al. [2] pioneered research on the contagion effects of financial risk based on the assumption of a simple network structure, and they considered that the banking system with complete structure that had interbank linkages between any two banks was more stable than that of the incomplete structure. Babus [3] developed interbank deposits endogenously (liquidity shocks) based on Allen and Gale [1] , the research showed that complete network could always provide the conditions for banks to choose the optimal connectivity degree, while incomplete network may not necessarily provide this condition. The studies of Freixas et al. [2] , Thurner et al. [4] and Elsinger et al. [5] are relatively deeper. Freixas et al. [2] compared complete network structure Table 1 . Research overview of the stability of banking system from the perspective of network structure. with ring network structure (any node in the network is connected only to the other two nodes, and forms a ring), the study revealed that contagion of bank's default depend on the parameters set by the model. Thurner et al. [4] compared the default contagion in the interbank market under several regular network structures. While, Elsinger et al. [5] thought that simply distinguishing between complete and incomplete network structure could not accurately reveal the relationship between network structure and bank's stability. In addition, Acemoglu et al. [6] studied the relationship between the financial network structure and systemic risk based on the two basic regular networks (ring and complete financial network). It was found that financial contagion had a phase change characteristic: when the shock was less than a certain threshold, the affected financial institutions were less and the increase of interbank connection would enhance the financial stability; however, once it exceed the threshold, the interbank connection would cause the shocks to spread, thus made the financial system more vulnerable, which supported that the financial network were "robust yet fragile". Some scholars studied the stability of the banking system with scale-free network or core-edge network. Among them, Krause and Giansante [7] , Teteryatnikova [8] and Sui et al. [9] studied it under the scale-free network, Borgatti and Everett [10] and Lux [11] studied the core-edge network. Krause and Giansante [7] simulated interbank network with different scale-free parameters, their study suggested that the smaller the interbank scale-free parameter and the higher the degree of concentration, the smaller the possibility of contagion. Teteryatnikova [8] simulated the banking system under special shocks caused by operational risk or credit risk using two methods: heterodyne network and scale-free network. The research showed that as long as the highly connected banks were fully capitalized, the risk of systemic crisis and the scope of crisis in the banking system were both low, and the resilience of scale-free network to contagion increased with the level of tiering. Sui et al. [9] constructed a scale-free network to simulate the default contagion in the banking network system with different network parameters under random shock and two special shocks (bank default started from larger and smaller banks respectively). The study found that the higher the concentration of scale-free network, the more default banks caused by contagion; however, when the basic default banks were few, the higher the concentration of scale-free network, the less total assets of the default bank caused by contagion. At the same time, the possibility of small banks causing contagion was far lower than that of large banks, but when the default of small banks reached a certain scale, it could lead to large banks' contagious default. Borgatti and Everett [10] firstly proposed the core-periphery network models. They divided a network into subgroups of core and periphery members. Lux [11] studied the network structure of the banking system by constructing a dynamic model of interbank credit linkages in the interbank lending market. In the model, the bank was initially set up to randomly select potential trading partners and then formed a priority choice relationship according to a basic reinforcement learning algorithm, and because of the shock on bank deposits, banks must con- stantly adjust their assets and liabilities. The dynamic evolution of this system showed the formation of the banking system with core-edge network. Moreover, the study found that most of the largest banks played an intermediary role in transferring liquidity demands between many smaller banks, and that the asymmetry of bank's interests flows from edge to the monetary center could at least be neutralized at a certain level through the heterogeneous interest rate. In addition, Teteryatnikova [8] suggested that regulators should seek measures to promote interbank relationships to form a highly hierarchical system, and require more strict supervision for key banks. Also, when banks default and showed the signs of contagion, it's necessary to determine the rescue market scope based on the characteristics of the banking network. Meanwhile, some scholars also conducted a comparative analysis of the stability of banking system under different network structures. Lenzu and Tedeschi [12] constructed a model of interbank lending formed by heterogeneous financial institutions. They studied the stability and systemic risk of the banking system with different network structures when the banking system was faced with equivalent but opposite sign of liquidity shocks. The research showed that when the banking system was heterogeneous, it was more stable with random network than that of the scale-free network. Li et al. [13] studied the bank's risk contagion effects in homogeneous and heterogeneous banking system with small-world network, random network and scale-free network when it was faced with random shock and selective shock. The study found that the risk of contagion effects caused by the shock was largest in the banking system with small-world network, and it was the smallest under the scale-free network, which was not related to bank's homogeneity or heterogeneity. In addition, Bao and Sun [14] showed that the center-edge hierarchical network would increase the scope and degree of financial contagion risk compared to fully connected network.
The above theoretical research shows that the completely structured banking network system is more stable than the incomplete structure under the simple network. However, considering the complexity of the banking network, it cannot be simply divided into complete and incomplete structures to study its stability. Moreover, it is found that the stability of the banking system under different network structures varies with the network parameters, the heterogeneity and homogeneity of banking system and the impact it faced. Furthermore, the research has shown that the banking system presents a "robust and fragile" characteristic.
Empirical Research
The empirical research on the banking system stability under different network structures is mainly divided into two aspects: firstly, it usually uses the actual data to analyze the banking system (financial system) in different countries, and explore the characteristics of the network it presents; secondly, it empirically studies the stability of the banking system under different network structures.
Most scholars conduct empirical research on the characteristics of their na-tional banking network systems by collecting the relevant actual data. Some scholars including Boss et al. [15] , Becher et al. [16] , Martinez-Jaramillo et al. [17] and Gabrieli [18] studied the banking network system in Austria, UK, Mexico and Europe respectively, which all showed their banking system had the characteristics of small-world network. Among them, Boss et al. [15] was one of the earliest empirical researchers who specifically studied the bank's network topology. Gabrieli [18] found that European overnight interbank network was very sparse. In addition, Liu et al. [19] used China's interbank lending market relevant data during the financial crisis of 2007-2009 to construct a corresponding interbank lending network. The results showed that the interbank lending market in China had typical small-world and scale-free network features.
Different from the above studies, Inaoka et al. [20] , Cont et al. [21] , León and Berndsen [22] and Sui and Wang [23] studied the banking or financial network system in Japan, Brazil, Columbia and China respectively, which all showed the banking or financial system had the feature of scale-free network. Among them, Inaoka et al. [20] found that the cumulative distribution of Japanese banking network followed the power law distribution, thus judged its banking network to be a scale-free network with self-similar characteristics. Cont et al. [21] based on the mutual interbank lending and capital data of Brazil financial institutions, found that the degree of connectivity and lending between different financial institutions in Brazil were very heterogeneous, indicating that the Brazil financial system could be portrayed with scale-free weighted network (thick tail and weighted distribution). León and Berndsen [22] found that the Colombian financial network exhibited a modular scale-free structure, which had the following advantages: 1) the power-law distribution due to heterogeneity made the financial network robust against random shocks, but it was vulnerable to targeted shocks; 2) modular scale-free structure tend to make the financial network robust and flexible, but also vulnerable. Sui and Wang [23] used bank's balance sheet data during [2007] [2008] [2009] [2010] in China to analyze the characteristics of its interbank network. The study found that the interbank network showed scale-free network characteristics. Moreover, the interbank network parameters in China were the smallest and the network concentration was the highest compared with other countries. Also, Ba et al. [24] pointed out that most of the current studies have shown that financial networks have the characteristics of both small-world and scale-free networks, and these characteristics significantly affect the contagion of crisis.
In addition, Iori et al. [25] and Bargigli et al. [26] both empirically studied the network structure of interbank market in Italy, but obtained different conclusions. Iori et al. [25] found the Italian interbank market to be a random network while, Bargigli et al. [26] found it as hierarchical network structure and may have different structural features at different layers. Furthermore, if the entire interbank market network consider one kind of structure or represented by the structure of one of the layers, it may not effectively depict the structure of the interbank lending network and thus erroneously assess the systemic risks and indeed systemically important core banks in Dutch interbank market, and the core banks had a greater impact on the overall banking system. Furthermore, the research showed that although core banks were indeed related to the size of total assets, there were still some medium-sized banks and other insignificant banks such as small ones found in the core banks.
A few scholars empirically studied on the stability of banking system under different network structures, mainly Degryse and Nguyen [28] , Gao and Pan [29] . Degryse and Nguyen [28] based on the actual data from Belgian interbank market, and found that when the structure of interbank market evolved from a fully-regular network to a network with multiple monetary centers, the scope of bank's risk contagion would be smaller and smaller. Therefore, the influence of the interbank market structure on the way of contagion risk was very important.
Gao and Pan [29] used the actual data of 61 banks in China in 2009 to explore the contagion effect in the banking system based on the perspective of interbank credit risk and liquidity risk. By controlling the probability distribution of interbank lending, they deeply analyzed the impact of different interbank market structures on contagion effect. The study found that compared with the fully decentralized market structure, the default banks and core capital losses caused by a single bank default both increased significantly under the relatively centralized structure.
The above empirical research shows that the banking or financial network system in most countries has the characteristics of small-world or scale-free network. In addition, there are indeed systemically important core banks in the banking system, and the core banks have an important influence on the stability of banking system. Furthermore, the comparative study empirically has shown that the different network structures of the banking system would lead to different analysis results of financial stability. According to the above-mentioned empirical analysis of the network structure of banking system in different countries, we summarize the results in Table 2 . It can be seen from Table 2 that the network structure of each country's banking system presents different characteristics, most of which are scale-free network or small-world network.
Conclusion
This paper has reviewed the stability of banking system under different network structures. According to our review, it can be seen that scholars mainly use the complex network theory to study the stability of the banking system based on 
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Had group structure and hierarchical structure features, also exhibited typical small-world structure characteristics. the network structure. The theoretical research shows that a simple banking network structure cannot effectively reveal the internal relationship between the network structure of the banking system and its stability, and the empirical research has confirmed that most of the banking networks in reality are represented by scale-free or small-world network. Therefore, the future theoretical studies shall focus on the stability of the banking system under complex network structures, and deeply discuss the impact of different network parameters. The existing empirical studies on the characteristics of the banking network of various countries have provided rich results, however, the comparative studies on the stability of banking system under different network structures have been relatively few, which also needs other scholars to continue to explore.
